The importance of consumer demand for variety in consumption has received increasing attention (Theil and Finke; Jackson; Shonkwiler, Lee, and Taylor; Lee, Shonkwiler, and Brown) . It has been noted that as incomes increase consumers tend to increase the number of goods consumed. The studies by Theil and Finke and by Jackson concentrate on broad commodity aggregates. Their results suggest that increases in expenditures on a single broad consumption category are accompanied by increases in the number of individual goods consumed in that category.
Shonkwiler, Lee, and Taylor investigated how the number of individual foods consumed by the household is affected by its preferences and food expenditure. A theoretical model suggested by household production theory (Becker, Lancaster, Deaton and Muellbauer) was adapted to empirical data from a crosssection of households. Results indicated that the number of individual foods consumed responsed strongly to household expenditure on all foods. Lee, Shonkwiler, and Brown used the tobit model to examine the relationship between the number of food items purchased, both in aggregate and in specific food groups, and total food expenditures. Lee, Shonkwiler, The author would like to thank two anonymous reviewers for helpful comments. and Brown's results suggest the number of food items consumed at home is responsive to household expenditure on all food.
These four studies used regression methods for continuous variables to estimate the impact of total or food expenditure on the number of food items consumed. This study seeks to measure the household's demand for a varied diet by using discrete regression models to investigate how the number of individual items consumed at home is related to food expenditures and household characteristics.
The following sections review the relevant economic theory about the demand for variety and develop two discrete regression models. Then the relationships between the demand for different food items and food expenditures and household characteristics are estimated with these modelf
Theoretical Model
Following Jackson, consider a utility function u(q) defined for any vector of quantities q in some set of n commodities and let
where u(q) is to maximized subject to
qj 2 0, where pj is the price forjth commodity and is income. When ~( q ) is maximized, the following Kuhn-Tucker conditions are satisfied (4) aulaqj -Apj = 0, ifjE S qj > 0, and where A is the lagrangian multiplier, S is the set of commodities purchased, and s is the set of commodities not purchased, or the complement of S. Conditions (2) through (5) can be solved to give the Marshallian demand functions:
The quantity demanded in (6) is a function of prices and income; therefore, the set of the commodities consumed, i.e., all commodities in S should also be a function of prices and income. This study assumes that consumers allocate their expenditures to broad groups of goods in which food is one of the groups considered; then the food expenditures are allocated to the individual food items. Therefore, the number of food items in set S is a function of food prices and food expenditures. Let ni denote the number of different food items consumed by household i. Then ni is a function of food prices and food expenditures, i.e., where pi is a vector of food prices and mi is total food expenditures.
Statistical Model
In this study count data models are used to examine the impact of household characteristics on the number of different food items consumed by U.S. households. The econometrics related to random counts has been discussed in the biometric literature. (See Patil for a general review.) Recent examples include studies of the number of grocery purchases per period, by Gilbert; the number of patents applied for, by Hausman, Hall, and Griliches; and the number of visits to doctors, by Cameron and Trivedi.
The present study focuses on the number of different food items consumed by households in the United States. Let yi denote the number of different food items consumed by the ith household. It is a random variable, and in a given time interval has a Poisson distribution with the probability density where n; is the realized value of the random variable. This is a one-parameter distribution with both the mean and variance of yi equal to hi. To incorporate a set of explanatory variables xik into the analysis and to ensure nonnegativity of the mean y;, the parameter hi is specified as
The regression property of this specification arises from E(yi) = Xi, but it is not uncommon in empirical analyses to find that var(yi) is larger than the mean, which indicates "overdispersion" in the data.' In applied work the Poisson restriction of equal mean and variance should be tested and relaxed if appropriate.
One way to relax this restriction of equal mean and randomness in A; by respecifying (9) as a stochastic equation (10) log Xi = xip + E;.
This results in the so-called compound Poisson distribution. Let g(ei) denote the probability density function for ei. If g(ei) or equivalently f(Ai) has a gamma distribution, i.e., hi -gamma (+;, vi), then the density function (8) leads to a negative binomial distribution function (Hausman, Hall, and Griliches, p. 922; Cameron and Trivedi, p. 33; Johnson and K o~z , with E(yi) = +i and var(yi) = +i+ +i2/vi.
Since +; > 0 and v; > 0, it is clear that the variance exceeds the mean, so that model allows for overdispersion. The specific parameterization of the resulting form is determined by the parameterization of the gamma distribution. Cameron and Trivedi show that different negative binomial regression models can be generated by linking parameters +i and v;of the underlying distribution for hi to the explanatory variables xi in different ways. The nonnegative mean E(y,) = exp(xiP) is obtained by letting +i = exp(x;P). The variance-mean rela-' Note that var(y,) could be smaller than the mean; however, the negative binomial model cannot handle this "underdispersion" problem because a is greater than zero by definition. (1 + aE(yi)), so that the variance-mean ratio is linear in the mean (call this model NB 11).
Clearly there are other possibilities as well. The two models imply different assumptions about the functional form of heteroskedasticity, and hence, in general, will lead to different estimates of p. Other choices of the probability density function for ei, such as the standard normal density, the uniform distribution, etc. are discussed in . The resulting compound Poisson might not have a closed form and, hence, could be computationally cumbersome.
The parameters P specified in (8) and (9) can be estimated by a scoring method (Maddala, pp. 51-53); the parameters in (1 1) and (12) can be estimated with the quasi-generalized pseudo maximum-likelihood (QGPML) method developed by Gourieroux, Monfort, and Tragnon 1984a, b.' In this study a scoring test is used to test for an overdispersion problem (Cameron and Trivedi, p. 41) ; that is, the Poisson model is tested against the alternative that the distribution belongs to the negative binomial distribution. The test statistic under Ho is where jii = exp(xip), Ci = ((ni -jii)' -ni)l hi, TL has an asymptotic t distribution, and N is the number of observations in the data set. If k = 1, then the alternative distribution is NB I; if k = 2, then the alternative distribution is NB 11. This test is useful in rejecting the maintained model, i.e., Poisson distribution, but is less helpful in providing the information for a better class of models. Therefore, if the test 
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results show that the negative binomial model is preferred, it too should be tested against other more flexible alternatives. However, this study does not consider such models.
Data and Variables
The U.S. Department of Agriculture's 1977-78 Nationwide Food Consumption Survey (NFCS) is the source of data used for the statistical analysis. Approximately 15,000 households from the 48 contiguous states were surveyed during 1 April 1977 through 31 March 1978. The NFCS public tapes contain detailed information on household food consumption and expenditures.
The dependent variable is the number of different food items consumed during the survey week. The household characteristics chosen for the study include the number of household members in twelve age-sex categories, household size-squared, total food expenditure in dollars during the survey week, the at-home food expenditure share, and dummy variables for region, session, urbanization, race, presence and employment status of the male and female household heads, and participation in food stamp programs. Descriptive statistics for these variables are given in table 1. The dependent variables listed above do not include price variables because of the difficulty of estimating a price index for each household in the sample. Accordingly, relationship (7) can be written as where hci is the set of household characteristics shown in table 1.
A fifteen-digit code system is used by the NFCS to identify different food items. Each food item can be reclassified into a broader category by using the truncated food code. For example, if the fifteen-digit food codes are used, plain corn flakes, presweetened corn flakes, and 40% bran flakes are different food items. When the first five digits of the food codes are used, the two corn flake products will have the same food code, while corn flake products and bran flakes will have different food codes. In this study, food items are defined by the first five digits of the fifteendigit food codes used by the NFCS. The possible range of n, is from 1 to 153. Male head equals one if there was a male head in the household, otherwise equals zero. Similar definition was used to define female head variable.
Male employment equals one if male head was employed, otherwise equals zero. Similar definition was used for female employment variable.
Results
The first column of table 2 presents the corresponding estimates of an OLS regression of (10). The Poisson estimates are shown in column (2). Poisson results are similar to OLS; however, the estimated standard errors of the Poisson estimates are at least two times (15) again confirms that the negative binomial is preferred to the Poisson, and (16) suggests that NB I1 is preferred to NB I. The last column in table 2 show the QGPML estimates for the NB I1 model.
The OLS and Poisson point estimates are similar to those in the NB I1 model; however, the estimated variances under the OLS assumption are smaller than those for the NB I1 model, and the estimated variances under the Poisson assumption are substantially smaller, reflecting the consequences of imposing the restriction of equality of mean and variance on the model. Results from the NB I1 model will be used in the following discussion.
The parameter estimates in table 2 indicate how the explanatory variables affect the expected value of the number of different food items consumed at home by U.S. households. Note that Hence the parameter estimates should be interpreted as the impacts of the kth-independent variable on the number of food items consumed at home. The signs of the parameter estimates indicate the directions of the impacts. Based on the asymptotic t-ratios, all the parameter estimates are significantly different from zero at a = .10 level except the estimates for food stamp participation, winter, summer, urbanization, northeastern region, north central region, and male employment status dummy variables. The signs of the parameter estimates are largely consistent with expectations.
All parameter estimates for age-sex composition variables are positive and significant. The effect of the addition of a given household sixteen and twenty-five, then decreases slowly. Moreover, the addition of given female members has a greater impact on the number of different food items consumed at home than does the addition of a male member of the same age group. The parameter estimate for the household-size-square variable suggests economies of scale associated with the number of food items consumed at home. Since the coefficient for household size is negative, additions of household members increase household size and reduce the positive impact of household members on the number of food items consumed at home. For example, the positive impact of the arrival of a male infant to a four-person household would be offset by the negative impact of increased household size on the number of different food items consumed at home. In addition, for household size larger than seven persons, the estimates show that any addition of household members would actually decrease the number of different food items consumed at home.
The results show that food stamp, program participation has no appreciable effect on the number of food items consumed at home. White households tend to consume a greater number of different food items at home than do those of other races. The parameter estimates for female head education show that if the female head has a college education the number of food items consumed at home is larger than in those households where female heads have only a primary or high school education. In addition, if the female head has a high school education, the number of food items consumed at home is larger than in those households where female heads have only primary school education.
The parameter estimates for seasonal dummy variables indicate different patterns of seasonal variation in the number of food items consumed at home. The number of food items consumed at home is lowest in spring and highest in winter and fall.
One reason for using location dummy variables is to account for systematic price differences among locations. The results show that whether the household is located in central suburb, Or rural area makes difference in the number of different food items con- (.0022) located in the southern region, then the numtherefore, a GLS procedure (Judge et al., ) was used to ber of different food items consumed at home correct for heteroscedasticity.
Numbers in parentheses are standard errors of estimates.
are smaller than in other regions. The results also indicate that the number of food items consumed at home increases when food expenditure increases. In addition, as the at-home food expenditure share increases, the number of food items consumed at home also increases. Finally, the presence of a female head in the household contributes to a larger number of food items consumed at home than the presence of a male head. However, if the female head is employed outside of the household, her contribution to the number of food items consumed at home would decline slightly.
Concluding Comments
This study suggests that increases in household food expenditures increase the number of different food items consumed at home, a result consistent with the results of Theil and Finke; Jackson; Shonkwiler, Lee, and Taylor; and Lee, Shonkwiler, and Brown. In addition, this study shows that the number of food items consumed at home is positively related to increases in the number of household members. This change in the number of food items consumed at home increases at a decreasing rate as household size increases and becomes negative when household size becomes large.
For its methodological contribution, this study demonstrates that using the OLS regression method for continuous variables may underestimate the standard errors of the parameter estimates. In addition, imposing the equality of the conditional mean and variance as a result of using the Poisson model also underestimates the standard errors of the parameter estimates when overdispersion is a problem. The NB I1 model adopted in this study allows greater flexibility for modeling the relationship between the mean and variance, but more work is needed to explore other more flexible alternatives. 
